RESEARCH
1 000 live births, and the early and late neonatal mortality rates were 10.2 and 2.4 per 1 000 live births, respectively. The majority (81%) of neonatal deaths in 2016 occurred in the first week of life.
The individual provincial DHIS data for 2012 -2016 are shown in Fig. 2 . There was an increase in the total number of early neonatal deaths in the Gauteng, KwaZulu-Natal (KZN) and Western Cape provinces when comparing deaths in 2013 with the subsequent years. Late neonatal deaths increased by 17%, from 1 793 deaths (1.9 per 1 000) in 2012 to 2101 (2.4 per 1 000) in 2016.
Recently, the SADHS reported a neonatal mortality rate of 21 per 1 000 live births for 2016, which is higher than the rate reported by the DHIS. [12] 
Causes of death
The 2016 PPIP data show that the main causes of all neonatal deaths (birth weight ≥500 grams) are complications of prematurity (47.9%); intrapartum-related events, mainly intrauterine hypoxia (24.3%); and infections (including pneumonia, at 11.6%) ( Fig. 3) . A total of 60% of the premature deaths was accounted for by extreme low birth weight (ELBW) babies (birth weight <1 000 grams), who die primarily of extreme organ immaturity. If one excludes ELBW infants from the deaths when assessing the causes of death for the period under review, deaths due to intrapartum-related events supersede the complications of preterm births in babies weighing ≥1 000 grams. A comparison of cause-specific mortality over three 5-year cohorts, excluding ELBW infants, reflects this picture ( Fig. 4) . Following the Every Newborn Counts global campaign, [31] which advocates the counting of every newborn death, Fig. 5 shows the Allows for trends to be monitored. Only includes deaths of individuals with an SA birth certificate or identification document.
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Avoidable factors identified in neonatal deaths
The top three causes of neonatal deaths have remained the same since 2012. [32] Table 2 shows the top 10 probably avoidable healthsystem-related factors for neonatal deaths, and includes those related to medical personnel, and administrator-related factors. A total of 3 105 neonatal deaths could probably have been avoided, of a total of 12 192 deaths.
Strategies and programmes to improve neonatal outcomes
In 2010, 5 years from the MDG deadline, SA was not on track to achieve MDG 4, the reduction of child mortality, of which neonatal mortality is a key component and the most difficult area to influence. The NDoH, with high ministerial political commitment, embarked on a range of initiatives to reduce neonatal mortality. These included the appointment of a neonatal-care improvement advisor, and the subsequent establishment of the National Neonatal Co-ordinating Committee (NNCC) in 2013, which provided a forum within the NDoH to co-ordinate and give oversight to improvements in newborn care in SA. Fig. 6 highlights the multitude of initiatives embarked upon since 2008 to improve care across the continuum. The NNCC's main function was to ensure linkage and synergy in terms of the targets, goals, objectives and tasks of these national strategies, plans and campaigns. The National Perinatal Morbidity and Mortality Committee (NaPeMMCo) made its recommendations for the 2008 -2010 triennium [33] on saving babies. They are summarised as HHAPI-NeSS, where HHAPI is an acronym used to summarise the key recommendations needed to improve newborn care and neonatal survival. The acronym is derived from the following: • Improve the Health system for mothers and babies • Improve the skills of Healthcare providers in maternal and neonatal care • Reduce deaths due to Asphyxia • Reduce deaths due to Prematurity • Reduce deaths due to Infection.
The implementation of interventions for each of the recommendations formed the basis of the newborn survival strategy (NeSS). In 2014, NaPeMMCo and the Limpopo Initiative for Newborn Care finalised priority actions for newborn care for the country. 
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The neonatal implementation plan aligned the eight high-impact Lives Saved Tool factors, the three targeted interventions to reduce neonatal mortality and the HHAPI-NeSS Strategy recommendations (internal document; NDoH, personal communication, 2014) ( Fig. 7) . All provinces aligned their provincial implementation plans for newborns with these priority actions. In efforts to achieve the above strategies, a number of training programmes have been implemented. These include Helping Babies Breathe (HBB), Management of Sick and Small Newborns (MSSN) and Essential Steps in Managing Obstetric Emergencies (ESMOE). HBB and MSSN are both training programmes to address the high number of deaths due to prematurity and intrapartumrelated events. Between August 2013 and December 2014, the NDoH capacitated provinces with master trainers for both programmes. The ESMOE Department for International Development-funded training, which has been scaled up in the last 2 years, also now includes HBB training.
The PPIP data systems provided disaggregated data in weight categories, and one can calculate indicators to monitor the quality of care (see footnote in Table 3 ). The 9th Saving Babies report [23] showed, for the first time, a positive shift in the quality of care provided at district level (Tables 3 and 4 ). This trend was maintained for 2014 and 2015.
Discussion
Neonatal numbers, mortality rates and causes SA has several databases or sources that collect information on neonatal deaths, but most of them focus on deaths occurring within healthcare facilities. Outside of such facilities, the number of deaths is largely unknown, and could explain the discrepancy between the NMR of 12 per 1 000 reported from the DHIS data, (a facility-based database) and that reported by SADHS (21 per 1 000), a population-based survey. The latest Committee On Morbidity And Mortality In Children (CoMMiC) report [34] estimates that 45% of the under-5 deaths occur outside healthcare facilities. The child death review (CDR) process modelled and rolled out in high income-countries [35] addresses this gap, and SA's 2013 CDR pilot study, at two mortuary sites in KZN and the Western Cape, have shown that 44.3% of the infant (<1 year old) pneumonia deaths were associated with prematurity, with a number of these deaths occurring within 72 hours after discharge from hospital. [36] Therefore quantifying, capturing, analysing Reduce deaths due to Asphyxia • Ensure that labour is monitored appropriately by a skilled birth attendant.
• Ensure that all birth attendants are skilled at a minimum level in neonatal bag and mask preparation. • Ensure that the partogram is used to monitor labour and that the fetus and mother are monitored according to the prescribed norms, ensuring proper data interpretation.
Reduce deaths due to Prematurity
• Ensure that corticosteroids are given to every woman in preterm labour.
• Ensure that antibiotics are given with preterm rupture of membranes.
• Ensure that the appropriate hospitals are skilled in the use of nasal CPAP.
• Ensure that all mothers of immature infants have easy access to KMC.
Reduce deaths due to Infection • Promote breastfeeding (especially exclusive breastfeeding).
• Ensure clean cord care.
• Ensure strict adherence to basic hygiene in labour wards and nurseries.
• Ensure that presumptive antibiotic therapy for at-risk newborns is available.
• Ensure case management of neonatal sepsis, meningitis and pneumonia. RESEARCH and reviewing these out-of-facility deaths is vital for an overall reduction in the under-5 mortality rate, and especially in the NMR. Differences in the NMR between the two sources can also be attributed to the definition of the neonatal period: the SADHS uses a postnatal age of 31 days, while the DHIS uses 28 days. Secondly, SADHS data come from questionnaires administered to mothers in the community; therefore, it is possible that the recall of these mothers includes stillbirths. This explanation is informed by a recent Malawian study [37] that found that in contrast, 20% of neonatal deaths were wrongfully classified as stillbirths after a full birth history by the mother. StatsSA and the MRC will review the SADHS data to confirm whether the SA NMR is double the current DHIS estimates. The NMR in SA is much higher than that reported in 2013 from developed regions (3.38 per 1 000), countries from Eastern Asia (7.69 per 1 000), and Latin America (9.21 per 1 000), but lower than the average of countries (including SA itself) from sub-Saharan Africa (31.1 per 1000), and similar to that reported from North Africa. Within the sub-Saharan countries, only 2 island countries, the Seychelles and Mauritius, have lower NMRs than SA, at 8.82 and 8.90 per 1 000 live births, respectively. [38] Unless efforts to reduce NMRs are intensified, there is a high risk of not meeting the global Sustainable Development Goal (SDG) target for the NMR, and the issue of newborn survival remains an unfinished item on the agenda.
The database that reports on the causes of deaths is PPIP, but of major concern is the fact that only four provinces (Mpumalanga, the Western Cape, Limpopo and Free State) have complete PPIP data in relation to the DHIS. Unfortunately, the most densely populated provinces, KZN, Gauteng and the Eastern Cape, have gaps of >25% between PPIP and DHIS data, which makes planning and analysis based on causes of death problematic. The Eastern Cape data is of concern, as it shows a 40% reduction in neonatal deaths, which is unlikely, and preliminary investigations have shown that this reflects poor data collection and not a true reduction in neonatal deaths. After the provincial closure of neonatal units in the early 2000s, the province has now embarked upon the process of reopening them, since 2013.
Prematurity is the driver of neonatal deaths in the country, with those born weighing <1 000 grams (ELBW) contributing significantly to the mortality figures. Therefore, at facility level, the cause-specific mortality rate-per-weight categories offer facilities an opportunity to decide on where best to focus their interventions, and also provide hospitals with the ability to benchmark within a level of care (e.g. district hospitals). The reduction in ELBW deaths lies primarily in the upstream factors of provision of antenatal steroids, and regular antenatal visits, and not necessarily in the building of more neonatal intensive-care units, which require extra qualified staff and RESEARCH expensive equipment that requires regular maintenance. Studies in lower-middle-income countries have shown that providing these surviving infants with breastfeeding, kangaroo mother care and basic continuous positive airway pressure (CPAP) are cost-effective ways of reducing mortality. SA is one of the countries with the lowest exclusive breastfeeding rates in the world, and national campaigns are now underway to improve upon this rate. Early initiation of breastfeeding has been shown in random-effects analyses to lower the risks of all-cause neonatal mortality among all live births (relative risk (RR) 0.56; 95% confidence interval (CI) 0.40 -0.79) and among low birth weight babies (RR 0.58; 95% CI 0.43 -0.78), and of infectionrelated neonatal mortality (RR 0.55; 95% CI 0.36 -0.84). [39) The reported increase in numbers of late neonatal deaths could be the direct result of better reporting in paediatric and emergency wards, since more facilities are now introducing Child PIP at facility level. The NDoH has recently embarked on an initiative to align the death reporting numbers between the DHIS (where the numbers of deaths are reported), PPIP (where the causes of death, and other pertinent variables such as weight and gestational age, are recorded) and Child PIP. This will help to ensure that in-facility neonatal mortality rates are aligned and as accurate as possible.
Strategies to reduce neonatal deaths
At the heart of all the policies, plans and programmes developed by the NDoH and partners has been a commitment to improve the quality of care for mothers and babies, and thereby reduce preventable neonatal deaths. NaPeMMCo highlighted the need to look at and track quality-of-care indications, as well as the impact indicators of neonatal mortality rates. The improvement in quality of care seen at district level is therefore encouraging, as most of the efforts towards improved neonatal care have targeted district hospitals, community health centres and clinics. These efforts may also reflect the early result of input from the district clinical specialist team (DCSTs) within the districts, and the rollout of training programmes such as HBB across the country.
Three interventions, HBB, MSSN and CPAP, were included in the 15 interventions developed by PRICELESS SA (Priority Cost Effective Lessons for Systems Strengthening South Africa) that, when taken to scale, would reduce neonatal mortality sufficiently to achieve SDG 3 by 2030. However, the costs estimated by PRICELESS SA excluded infrastructure development. For example, CPAP as a non-invasive mode of ventilation has been successful worldwide in the management of respiratory distress syndrome in preterm infants. The early neonatal mortality rate is highest in the <1.5 kg weight category of preterm babies. However, the provision of the CPAP model critically requires the availability of medical air. The PPIP data have shown a 20% overall reduction in absolute deaths in babies >500 g coded as hyaline membrane disease over the last 5 years. While difficult to ascribe this reduction only to CPAP, a similar trend was seen when CPAP was provided to rural district hospitals in the Western Cape and Limpopo.
HBB and MSSN have been rolled out in all provinces, but the monitoring and evaluation of these training programmes has not been robust, and thus the national coverage is unknown. In contrast, ESMOE training was fully funded, and the pilot sites have shown a 35% reduction in their NMRs. As ESMOE goes to scale countrywide, a decline in intrapartum-related deaths is expected. This highlights the need to ensure adequate and ongoing funding not only for the implementation of programmes, but importantly, also for monitoring, evaluation and scale-up. The latest PPIP data show a marked reduction in the number of deaths due to a lack of syphilis screening, inadequate resuscitation and insufficiently trained personnel, which might be ascribed to the rollout of the targeted interventions.
Leadership on the issue of neonatal mortality has proved to be lacking at all levels, [40] but is particularly essential at provincial level to effect change. The three provinces with the best quality of provincially co-ordinated newborn care planning and training programmes, Limpopo, KZN and the Western Cape, have created and funded posts to which provincial paediatricians have been appointed. Strong provincial leadership ensures that accountability mechanisms are in place, and restrains unnecessary expenditure. This attracts funding for neonatal care, as both KZN and Limpopo have secured grants for their rollout of provincial neonatal training programmes. Provincial coverage of targeted interventions such as CPAP has been successful in the Western Cape and Limpopo. Care at regional and tertiary levels has shown no improvement. At regional hospitals, this is probably multifactorial, and may reflect the low health levels of the patients received, and not necessarily the quality of care provided. A key aspect of the neonatal implementation plan was to support the development of tailored, evidence-based plans at district level. DCSTs were the drivers of implementation and overall clinical governance, and their leadership role in neonatal care is discussed in the DCST article in this supplement. [41] Addressing the challenges The suggestions below are intended to address some of the challenges in addressing neonatal mortality in SA.
Scale up evidence-based medical interventions to 80% coverage
Chola et al. 's [42] modelling has shown that the additional cost of scaling up key maternal, neonatal and child interventions will amount to less than 1% of the annual national health budget, which seems affordable in light of a per capita health expenditure of about USD645.00. If these interventions (e.g. improved case management of severe neonatal infection) achieve 95% coverage with high quality of care, then the modelling suggests that the NMR could be reduced to 6 per 1 000 live births. [42] Increase usage of antenatal steroid in preterm labour In SA, 22.5% of perinatal deaths are due to spontaneous preterm labour. Despite a 96% facility birth rate, there is only 25% antenatal steroid (ANS) coverage. This is similar to that of Brazil prior to 2014, when it embarked on a national ANS scale-up campaign. A similar effort will enable SA to fully implement a newly developed national guideline that enables midwives to prescribe the first dose of ANS on confirmation of preterm labour. Provision of ANS will make the greatest difference in saving the number of newborn lives (12%) if coverage increases from the current estimated baseline of 20 -40%. [43) 
Provide a postnatal care package (including the supportive role of community health workers) in neonatal care
The provision of postnatal care is essential for neonate survival. However, this has not been implemented at scale, owing to capacity constraints. Most of the investments in neonatal health have been at facility level, and the link between hospital and home has not yet successfully been bridged by the primary healthcare wardbased outreach teams (WBOTS). Central to the WBOTS are the community health workers (CHWs), and to date only 45% of these teams are completed. There is growing evidence that sub-Saharan African countries that have done well at reducing child mortality have invested in CHWs and empowered them with therapeutic roles within their health systems. [44] This curative role is supported by RESEARCH World Health Organization guidelines, a Cochrane review [45] and the integrated community case management strategy. [46] The call is out for SA to increase the number of CHWs, and to include treatment of the common causes of child deaths (pneumonia and diarrhoea) within their scope of practice.
Conclusions
Reducing neonatal mortality in lower-middle-income countries is complex, and especially difficult if the preventable causes of death have decreased. A Brazilian cohort study [47] showed that the Brazil NMR did not change for two decades despite improvements in maternal and neonatal care and maternal health-seeking behaviour. They attributed the static NMR to an epidemiological and demographic transition the country was going through, with medicalisation of pregnancy and delivery, rapidly increasing the preterm births and deaths, which then offset the gains made in the better survival rate of term infants.
SA has a double burden of disease driving neonatal mortality; term babies are dying owing to intrapartum-related events, and preterm deaths are linked to related complications. Consistently, however, mortality reviews conducted at facility level have identified that >50% of these neonatal deaths are probably avoidable. As most births occur in facilities, the focus should remain on the quality of perinatal and intrapartum care provided by healthcare workers, and the ability of facilities to provide essential emergency and basic neonatal care. SA cannot afford to rapidly increase the capacity of its healthcare workers, but can redistribute and train the existing workforce to deliver better-quality care. This will require that accountability mechanisms are enforced by all managers at all levels to achieve a faster annual rate of reduction in NMR.
We need to continue to improve upon existing infrastructure, ensure the sustainability of the health system gains and intensify efforts to achieve 95% coverage of the 15 LiST interventions currently being costed by NDoH (Table 5 ). This should help to ensure that the appropriate resources and evidence-based interventions in improving neonatal care are made available in all public healthcare facilities. Underpinning all these efforts is the improvement in the quality of the data available, with attention to modifiable factors in out-of-facility deaths. Plans are afoot by the NDoH to synchronise and align PPIP and Child PIP with the DHIS. This will reduce data duplication, and hopefully allow for easier institutionalisation of these programmes. The investments made by the NDoH in system strengthening, by providing leadership in policies and placing an emphasis on doing the basics right, should enable SA to achieve the SDG for the NMR by 2030.
